We examine the question of which household members should consume medical services, and in what quantities, by using Japanese household-level data. We employ two key concepts, health risk and income risk, and investigate whether family heads or dependents bear these risks. Health risk is the risk that a household member falls ill, while income risk is the risk that future household income decreases. We find that both heads and dependents make fewer visits to doctors as household size increases. We also find that only dependents visited doctors less frequently following the reform of the public health insurance system, which raised the co-payment rate of family heads from 10% to 20%. These findings imply that heads and dependents share health risk but dependents bear income risk.
Introduction
A primary concern for a household is the health of its members. However, since household income is limited, the issue of which household members should consume medical services, and in what quantities, is a serious one. In this paper, we examine this issue by using Japanese household-level data.
All Japanese citizens are insured by the public health insurance system.
In particular, employees (hereafter referred to as heads) of large companies and their dependents are insured by a health insurance association managed by the company. In addition to premiums, the insured must pay some proportion of their bills for medical services, termed the co-payment, over the counter at clinics or hospitals. Before the reforms introduced in September 1997, the co-payment rate was set at 10% for heads and 30% for dependents.
The reform raised the co-payment rate for heads to 20%, while the rate for dependents remained unchanged. Table 1 shows who consumed medical services and in what quantities before and after the reform. First, both heads and dependents made fewer visits to doctors as the number of dependents increased, both before and after the reform. Second, after the reform dependents reduced their number of doctor visits by much more than did heads (see also figures 1 and 2). The decline in the number of doctor visits by heads is negligible. We attempt to explain these facts by making theoretical assumptions about the behavior of household members.
The first fact implies that both heads and dependents act to reduce the risk of illness among other family members by reducing their consumption of health services equally. In other words, households seem to pool the total risk of illness among their members, hereafter referred to as health risk, by sharing health care expenditure among household members. If a household is 1 formed solely so that household members can reduce living costs by sharing a house, its contents and the car and the head is egoistic, we cannot explain the first fact. Since health services are private services, any reduction in these services reduces individual health levels. When the head is benevolent and altruistic towards dependents, as Becker (1974) assumed, both facts can be explained. Becker's model is sometimes referred to as a unitary model in which the head, whether egoistic or altruistic, decides shares of expenditure among household members and the household is regarded as an economic unit in itself. Even if only heads earn income, the model may be restrictive and unrealistic because housekeeping by spouses contributes to the work of heads.
On the other hand, models in which households decide how to share expenditure between members are referred to as collective models. A cooperative bargaining model is one form of collective model. Manser and Brown (1980) and McElroy and Horney (1981) are seminal papers in the context of the cooperative approach. Pezzin and Schone (1999) examined how intergenerational households are formed when informal caregiving to an elderly parent and labor-force participation by daughters are jointly determined. Chiappori (1988) and Bourguignon and Chiappori (1992) established a rigorous theoretical and empirical framework for collective models to avoid having to specify a particular bargaining set-up.
In our paper, the first and second facts can be explained by assuming that dependents have bargaining power over the head to some extent and that they act egoistically. An increase in the number of dependents enhances their bargaining power, which makes the head reduce his or her visits to the doctor. This explains the first fact, which relates to pooling health risk. If dependents decide their consumption levels independently and in their own 2 interests, the change in the head's co-payment rate would not affect visits to the doctor by dependents provided household income remains unchanged.
If a head is reluctant to visit a doctor because of the co-payment increase, the head may fall ill, which may reduce future household income. Hence, we refer hereafter to income risk. When the income risk is high, the bargaining power of the head is high, in which case, dependents would share the risk even if they were egoistic. This may explain the second fact. Dercon and Krishnan (2000) adopted a collective approach to explain the intra-household allocation of nutritional levels using the idea of risk sharing.
Let us summarize the above discussion briefly. There are two axes, one representing the decision-making process, unitary or collective, the other representing behavioral motives, egoistic or altruistic. The unitary-egoistic case cannot explain the two facts illustrated by table 1 and apparent in the figures.
The unitary-altruistic and collective-altruistic cases can explain these facts.
The predominant idea, altruism, can explain all possible types of behavior by household members, however it fails to provide specific explanations for these facts. Thus, we choose the collective-egoistic approach to explain the facts using two key concepts, health risk and income risk. The purpose of this paper is to examine whether the hypotheses of health risk and income risk sharing are supported by the data by using statistical models that control for household/individual characteristics.
We specify individual visits to the doctor (hereafter, doctor visits) by the head and dependents as hurdle negative-binomial models (see chapter 4 of Cameron and Trivedi, 1998, and Pohlmeier and Ulrich, 1996) . This model can deal with data generated from two potentially different decision processes. In the Japanese public health insurance system, a doctor may be able to influence the number of doctor visits. Hence, specifying two decision processes, the decision of the insured and the combined decision of the insured and a doctor, is reasonable. The former is modeled in the hurdle part by using the logit model and the latter is modeled in the positive-visits part by the truncated negative-binomial model (see Yoshida and Takagi, 2002 , for an application to Japanese data).
The paper is organized as follows. In section 2, we describe characteristics of the data used in the empirical analysis. In section 3, we present the empirical models. In section 4, we interpret our estimation results from the viewpoints of health risk and income risk sharing. Section 5 concludes the paper.
The Data
We use data on bills (reseputo in Japanese) from medical institutions, hospitals and clinics, to a health insurance association. When an insured person visits a medical clinic at least once in a month, the clinic sends a reseputo to the health insurance association for the medical cost incurred in that month after the over-the-counter co-payment has been made. If a patient visits two different clinics in a month, the association receives two reseputos for that patient. We use information from reseputos for outpatients.
The reseputo data include the monthly number of doctor visits and the co-payment made over the counter by the insured. The data also include a household-identification number and the head's income on which the insurance fee is levied, as well as socio-economic characteristics such as age, gender, and household composition (covering spouse, children, grandparents and relatives). Thus, we have information on who is in a particular insured household and how many times a household member visits a doctor in a month.
Since we are concerned with intra-household resource allocation, we are interested in the structure of households, which relates to who is the main income earner and who are the dependents. There are three types of household.
The first is one in which there are two parents, a husband and wife, with the husband being the head in most cases, and dependents, namely a spouse, children, grandparents or relatives. The second type is one in which both parents are heads, that is, full-time workers, and there are dependents. The third type is the household in which there is only one parent, with he or she being the head, and there are dependents. Single-person households are excluded from our study. In our data, we cannot distinguish between the second and third household types. In both, there is no dependent spouse. However, intra-household resource allocation is different in the two types because husband and wife have similar bargaining power in the second household type.
Hence, for this type of household, income risk is not as important as it is for the first and third household types. Thus, for estimation, initially we use the data on all three household types and then use the data on only the first household type (hereafter, type-1 households).
The reform was introduced in September 1997. To examine the effects of the reform, we aggregate monthly-based reseputo data to yearly-based data, covering the pre-reform period from September 1996 to August 1997 and the post-reform period from September 1997 to August 1998. We aggregate at both the individual and household levels.
Using data on all three household types, table 1 shows the average percapita number of doctor visits in both the pre-reform and post-reform periods by household status, head or dependent, and by the number of dependents. In the table, '0 included' or '0 excluded' indicates whether persons not visiting a doctor are included or excluded. The number of insured persons in our data set is 17,026, of which 5,161 are heads and 11,865 are dependents. The average household has one head and two dependents.
The data confirm the two facts reported in the introduction. First, both heads and dependents reduce doctor visits as the number of dependents increases, in both pre-and post-reform periods. Second, the dependents reduced their doctor visits by more than did heads following the reform (see table 1 and figures 1 and 2). The decline in doctor visits among heads was negligible.
In the 0-excluded pre-reform case, the number of doctor visits by heads fell from 13.71, with one dependent, to 9.30, with more than three dependents, while those of dependents fell from 17.30 to 13.00. Similar falls were experienced following the reform. Since heads with fewer dependents tend to be younger and healthier, their number of doctor visits is expected to be lower than the number of visits by heads with many dependents. However, table 1 contradicts this expectation. This implies that the head shares the health risk of dependents. This is perhaps supported by the fact that the number of doctor visits by dependents increased from 11.39, with three dependents, to 13.00, with more than three dependents, in the pre-reform period. The corresponding change for the post-reform period is from 10.57 to 12.05. These increases are understandable because large households tend to include infants or elderly people as dependents who need intensive health care, and whose risks are shared by the head.
Figures 1 and 2 illustrate probability densities for the number of doctor visits by heads and dependents, respectively. The pre-reform density for heads does not differ from the post-reform density. However, the probability density for dependents changes between these periods: the probability of a large number of doctor visits falls, and that of a smaller number rises. This 6 means that the dependents who visit a doctor regularly reduce the frequency of their visits. Among all 0-excluded cases in table 1, heads reduced the number of doctor visits by 0.24 following the reform, while dependents reduced their visits by 0.75. In particular, in households with more than three dependents, dependents reduced their visits by 0.95, while heads increased their visits by 0.02. These facts suggest that dependents reduce their medical consumption so that heads can maintain their levels of medical expenditure following increased co-payment rates for heads to avoid the income risk associated with illness among heads.
Empirical Models
Since the dependent variable, the number of doctor visits per year, takes non-negative integer values, we use a count data model, the hurdle negativebinomial (HNB) model. The model can be interpreted as a two-part model.
While the first part models the probability that the zero hurdle is crossed, the second part models the positive outcome. We use the logit model for the hurdle part. The probability that the ith individual visits a doctor is modeled as
where X 1i represents the characteristics of the ith household and/or the individual socio-economic characteristics of dependents.
The probability function of the negative-binomial model is used to model the positive outcome. Note that two types of negative binomial (NB) model are used in practice, NB1 and NB2. The difference between them is the functional form for the variance: in NB1, the variance is a linear function of the mean, while in NB2, it is a quadratic function. We use the NB2 model.
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The density function for the positive outcome is
where µ and α are the mean and the dispersion parameters of the distribution, respectively. Then, the positive outcome is modeled as
The mean function, µ i , is modeled as exp(X 2i β 2 ) where X 2i represents the characteristics of the ith household and/or the individual socio-economic characteristics of dependents. The likelihood function is decomposed into two parts, as follows:
and
where estimates of β 1 , α and β 2 are obtained by maximizing L 1 (β 1 ) and
As already discussed, the number of doctor visits of the head (dependent) is affected by the number of dependents because health risk is shared. Following the reform, heads may not have changed their number of doctor visits but dependents may have because they share income risk. The sharing of income risk seems to take place primarily among dependents. We estimate the numbers of visits by heads and dependents to examine who shares income risk.
A list of the variables and their descriptive statistics for heads and dependents is shown in table 2. The explanatory variables are classified into two categories, individual-specific and household-specific explanatory variables.
Since households have only one head in our data set, the characteristics of heads are categorized as household-specific explanatory variables, and visits by heads depend only on these variables. Dependents' visits are explained by the variables in both categories. The base case for dependents is that in which gender is female, and household status corresponds to grandparents or other relatives.
The co-payment rate is calculated by dividing over-the-counter fees by the total medical fee according to the reseputo. Note that the co-payment rate is omitted in the hurdle part of the model because only its nominal rate, 10% (20% following the reform) or 30%, is observed by the insured beforehand.
Then, the co-payment rate is indistinguishable from the constant term of the model. In general, the actual rate differs from the nominal rate because financial support is incorporated. Hence, the co-payment rate is identified in the positive-outcome part of the model. 
Estimation Results

Results Based on Data from All Three Household Types
A. The Hurdle Part
We use data on all household types in this subsection. Tables 3 and 4 report the estimation results of heads and dependents, respectively.
First, the hurdle-part estimation results for heads indicate whether heads or dependents reluctant to visit doctors in order to share health risk. Whether heads share health risk is indicated by the coefficients of no. of dependents. This coefficient is significantly negative, which implies that heads share health risk in their decisions to visit a doctor.
We have already explained that, given the properties of the data set, risk-sharing behavior of type-1 households is likely to different from that of other-types households. In a type-1 household, insured-spouse dummy takes a value of unity, but otherwise is zero. The estimate of the coefficient is not significant, which implies that there is no difference between heads of type-1 and other-types households in relation to sharing health risk.
Age of dependents is an important factor for health risk because infants and the elderly often fall ill. The coefficient of no. of dependents over 69 is significantly negative, while that of no. of dependents under 9 is significantly positive. Since medical expenditure for infants is supported by local governments and because childhood illnesses are not generally serious or costly, this expenditure may not affect the number of doctor visits by heads. However, since illness among the elderly is often chronic and costly, the head who shares health risk must consider this when deciding whether to visit a doctor.
We also used sum of dependents' doctor visits and no. of dependents visiting a doctor as explanatory variables to control for household-specific effects such as peer effects of a household or accessibility to clinics. All of the members of a household tend to consume more medical services given household-level income than did other households. This is because households have similar propensities to consume services as a result of learning about the costs and the benefits of these services from each other. These effects are regarded as peer effects. We have no information on accessibility to clinics among households in our data, but access cost is likely to affect a household's number of doctor visits. Thus, the signs of the coefficients of these variables are expected to be positive.
The coefficient of age of head is significantly positive and that of monthly income is significantly negative. The head tends to visit the doctor because he or she is older. The head's income may be a proxy for the opportunity cost of visiting a doctor. Alternatively, the result shows that the rich are healthier.
Second, we examine the hurdle part for dependents in table 4. Among household-specific variables, the coefficients of no. of dependents over 69, no.
of children and no. of dependents are significantly negative, which suggest that dependents are reluctant to visit a doctor if there is an elderly dependent person, many children or many dependents in the household. This implies that dependents, as well as heads, also share health risk. Note that none of the post-reform variables for heads or dependents is significant. This implies that neither heads nor dependents behaved differently following the reform in relation to visiting a doctor.
B. The Positive-Visits Part
Here, we examine the positive-visits part of the model. Tables 3 and 4 For individual-specific pre-reform variables, age, spouse dummy, child dummy and co-payment rate are significantly negative, while gender dummy (male =1) is significantly positive. The over-69 dummy is not significant.
The coefficients of age and over-69 dummy imply that doctor visits of dependents decrease slowly with age. Males tend to visit doctors more than females, and both spouses and children visit less than grandparents or other relatives. Note that since females and grandparents or other relatives are the base case for estimation, the constant term may also reflect the effects of aging.
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For the post-reform variables, the significant variables are the constant term, no. of dependents visiting a doctor and co-payment rate, which are all negative. Of the individual-specific variables spouse dummy is negative at almost the 10% significance level. The negative signs of the constant and spouse dummy suggest that dependents share income risk.
C. Tests
We also conducted likelihood ratio (LR) tests for the HNB models for both heads and dependents, with the null hypothesis being that the coefficients of the post-reform variables are jointly zero. The results are reported in table 7 . The null is rejected in the dependents model but not in the heads model.
The issue of whether heads or dependents share income risk, as suggested by the coefficients of the constant term (for both heads and dependents), spouse dummy and child dummy (for dependents only) for the post-reform variables, should be examined more closely. We have already found that the coefficient of the constant term for heads in the positive-visits part of the model is not significant. By contrast, the coefficients of the constant term, spouse dummy and child dummy for dependents are significantly negative.
However, these findings are not sufficient to suggest that only dependents share income risk or that dependents at least share income risk more than do heads. To make this case, we must consider the standard errors of the estimates.
Changes in the number of doctor visits made by heads due to income risk are represented by the estimates of the constant term. For dependents' visits, spouses' changes are represented by the estimates of the constant term + spouse dummy. Changes for children's visits are represented by the constant term + child dummy. Changes for grandparents or other relatives are represented by the constant term + over-69 dummy. We advance three null hypotheses. We tested whether changes for heads and dependents are significantly different. The test statistics, Z, are calculated as follows:
The results are reported in table 7. The null hypothesis that changes in doctor visits for heads and dependents are no different is rejected for heads against spouses and for heads against children but not for heads against grandparents or other relatives (abbreviated over-69 in the table). Since most of those over-69 are grandparents, only dependents other than grandparents share income risk, or dependents at least share income risk more than do heads.
Type-1 Household Data
We use type-1 household data for estimation. These households have two parents, a husband and wife, with the husband being the head in most cases, and dependents, namely a spouse, children, and grandparents or relatives.
The results are almost the same as those of the model using data on all household types, and the models have larger pseudo R-squared values. Note that insured-spouse dummy for the household-specific variables is omitted because all households of this type have insured spouses. Tables 5 and 6 show the estimation results for heads and dependents. Table 5 indicates that heads share health risk. The main difference between the results for heads from type-1 households and those for heads from data on all household types is that monthly income is not significant in the former but is significantly negative in the latter. Table 6 clearly shows that dependents share health risk and income risk.
Since the estimates of the pre-reform variables are the same as those obtained from the data on all household types, we focus on the post-reform variables.
In the hurdle part, the constant term is significantly negative, which implies that dependents share income risk as well as health risk when deciding whether to visit a doctor. Although spouse dummy is significantly positive, the total effect, which is given by constant term + spouse dummy, remains negative, so the positive sign does not change the results. In the positivevisits part of the model, the main difference between the type-1 results and the all-types results is that the constant term is insignificant, child dummy is significant, and the spouse dummy is significant at almost the 10% level.
This implies that dependents share income risk. 
Conclusion
In this paper, we examined the question of which household members should consume medical services, and in what quantities, by using Japanese householdlevel data. We used two key concepts, health risk and income risk, and investigated whether heads or dependents share these risks. Health risk is the risk that a household member falls ill, while the income risk is the risk that future household income decreases. We found that both family heads and dependents visit doctors less often as household size increases, and that only dependents visited a doctor less frequently following the reform of the public health insurance system, which raised the co-payment rate for heads from 10% to 20%. These findings imply that both heads and dependents share health risk but only dependents share the income risk.
These differences in risk sharing between heads and dependents can be explained by collective models. Dependents have some bargaining power over heads since they manage housework and support employed heads. Hence, heads share health risk to maintain efficiency at work. However, reduced doctor visits by heads due to the increased co-payment rate may reduce future household income. Thus, dependents reduced their doctor visits so that the number of doctor visits by heads could remain unchanged following the reform.
Although most of the findings of this paper can be explained by egoistic motives in a collective framework, the exception is the finding that the elderly share neither health risk nor income risk. This may be because the elderly are wealthy. However, since wealthy elderly people are not classified as dependents by the public health insurance system, this cannot be the explanation. Therefore, what is the explanation? The altruism of family heads or younger dependents may provide an explanation, but this remains to be examined empirically. 
